to be considerably higher (53 pmol!L) when human serum with an increased LD5 activity (total LD =21 960 UIL; LD1 = 306 U/L) was used. The discrepancy in blank values between these two specimens may be explained by a difference in susceptibility to pyruvate inhibition between the different isoen.zymes. In contrast, blank values of <1 and 2 zmo1fL, respectively, were obtained for these specimens after pretreatment with 0.1 mol/L NaOH.
Reagent for the Enzymatic Determination of Serum Total Cholesterol with Improved Lipolytic Efficiency
Joachim Siedel, Edgar 0. Hagele, Joachim Ziegenhorn, and August W. Wahiefeld
We describe a sensitive method for quantifying the extent of cholesterol ester cleavage during enzymatic assay of total cholesterol in serum. Lipids are extracted from the assay mixture with chloroform/methanol (1/1 by vol), concentrated, then quantified by "high-performance" thin-layer chromatography. Although with conventional enzymatic reagents for determination of serum total cholesterol the hydrolysis of the cholesterol esters may be incomplete, a new enzymatic. cholesterol reagent (Monotest#{174} Cholesterol, High Performance, Boehringer Mannheim) gives virtually complete cholesterol ester cleavage (i.e., 99.5%). Use of this reagent with its improved lipolytic efficiency yields results for serum total cholesterol that are identical to those measured with a candidate reference procedure involving alkaline cholesterol ester saponification.
AddItIonal Keyphrases: "kit" methods ' reference methods
Since their introduction about a decade ago (1, 2) , enzymatic assays for total cholesterol (i.e., the sum of free and fatty-acid-esterifled cholesterol) in serum have largely replaced the more laborious, interference-susceptible, and less-specific routine nonen.zymatic methods. The enzymatic procedures generally involve cleavage of the cholesterol Boehringer Mannheim GmbH, Research Center Tutzing, Bahnhofstrasse 9-15, D-8132 Tutzing, F.R.G.
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H202
The reactions may be quantified either electrochemically (e.g., by measurement of 02-consumption in the reaction mixture with an oxygen-sensitive electrode) (3) or, more conveniently, photometrically by use of H202-dependent color-forming reactions (1, 2) . Among these, the chromogenic indicator system described by Trinder (4) has found the greatest popularity:
Usually, 70 to 80% of total serum cholesterol is esterifled with fatty acids of various chain lengths and degrees of saturation (1) . Therefore, the efficiency of the esterase reaction is a major factor governing the analytical performance of the enzymatic assay.
Originally, hydrolysis of cholesterol esters with enzymatic serum cholesterol reagents was assumed to be quantitative (1,2) . In recent attempts at the Centers for Disease Control to establish an improved reference procedure for determination of serum total cholesterol, however, the values for serum cholesterol
as measured with a proposed reference method involving alkaline cholesterol ester saponification, a modified version of the method of Abell et al. (5, 6) , were higher by an average 4 to 6% than those found with enzymatic assays (7) . This discrepancy has primarily been attributed to incomplete enzymatic cholesterol ester cleavage (7, 8) .
To date, the lipolytic efficiency of enzymatic serum cholesterol reagents has been usually evaluated with samples of various individual cholesterol esters dissolved in either polar organic solvents or in an aqueous medium containing considerable amounts of detergent (1, 9) . The composition of these samples is totally different from the milieu in which cholesterol esters are present in serum; therefore, the resalts of these investigations may not necessarily be regarded as conclusive in view of possible assay interferences caused by the sample matrix.
We have now developed a sensitive method with which we can quantify the extent of cholesterol ester cleavage under the conditions actually occurring during routine assays of serum total cholesterol with enzymatic reagents.
The method involves extraction of the lipid constituents after incubations of serum and cholesterol reagent by a procedure similar to that of Folch et al. (10) , "high performance" thin-layer chromatography (HPTLC) of the concentrated lipid extracts, and densitometric quantification of the chromatograms stained selectively for cholesterol-containing substances.
Here we report the details of this method and demonstrate the virtually complete serum cholesterol ester cleavage ( 99.5%) achieved with an optimized enzymatic serum cholesterol reagent (Monotest5 Cholesterol, High Performance) recently developed by our groui (11) .
Materials and Methods

Instrumentation
Centrifugations
were done with a Labofuge II bench-top centrifuge (Heraeus-Christ, Osterode, F.R.G. To prepare a sample (P), add 10 pL of serum to 1.00 mL of enzymatic cholesterol reagent in a 10-mL glass centrifuge tube with glass stopper. Mix and incubate according to the application manual of the respective test kit used (e.g., for 10 or 30 mm at 25 #{176}C). Then, add 8 mL of extraction solvent containing cholesterol acetate, 2.1 mg/L, as internal standard. Shake and keep at 50 #{176}C for 10 mm to precipitate unsoluble material. After cooling to room temperature, centrifuge, then quantitatively transfer the supernate into another 10-mL glass centrifuge tube with a conical bottom. Evaporate the solvent at 50 #{176}C under nitrogen and dissolve the residue in 50 L of chloroform.
To prepare the sample blank (PL), consecutively add 10 L of serum and 1.00 mL of cholesterol reagent to another 8 mL of extraction solvent containing cholesterol acetate, 2.1 mg/L, shake, and prepare the lipid extract as described above.
To prepare the reagent blank (L), mix 1.00 mL of cholesterol reagent with a third 8 mL of extraction solvent containing the cholesterol acetate, shake, and prepare the lipid extract as described above. adjusted to cover the breadth of all cholesterol ester spots, about 3.5 mm) at 2 mm/s and record the emission of fluorescence above 400 nm (cutoff filter). Peak height is automatically calculated by the integrator.
Calculations.
Calculate the content of cholesterol esters of In a duplicate analysis, mean sample cholesterol ester concentrations of 229 mg/L (P) and of 3950 mgfL (PL) were Table 2. tD R-oslo. Fig. 3 Abbreviationsas in Fig. 1 We concluded that if any cholesterol esters remained uncleaved after the incubation period (10 mm at 25 #{176}C), their concentration was below the detection limit of the analytical method; consequently, at least 99.5% of the serum cholesterol esters were cleaved when either Precilip E.L. or M+D Lipid Control was used as sample. Similar results were obtained when normal human serum was analyzed (14) .
Results
Detection Limit of the HPTLC Method
To exclude the possibility that the resolution of the 5Mean ± SD of seven determinations; n = 1 each for the other samples.
analytical method was impaired by reagent matrix effects at low concentrations of cholesterol esters, we included a serum/reagent incubation and added 10 tL of St. 1 (cholesterol linoleate, 20 mgIL) to the extraction solvent. The apparent residual cholesterol ester concentration of the incubated serum (40 mgfL) indicated complete analytical recovery of cholesterol esters, even at very low concentra-
tions.
Visually, the improved lipolytic efficiency of Monotest Cholesterol, High Performance, over that of the Test-Combination becomes more evident when both reagents are used with conventional thin-layer chromatography and the total volume of the lipid extracts (50 L) is applied. Sample (P), assayed with the Test-Combination reagent, exhibits a significant amount of uncleaved cholesterol esters, whereas the fluorescence intensity of the corresponding sample assay with Monotest reagent at the migration distance of cholesterol esters is indistinguishable from that of the reagent blank (L) (Figure 5) .
Because of the altered reagent composition, not only does the improved enzymatic reagent lead to virtually complete cholesterol ester cleavage but it also enhances the rate of removal of turbidity from lipemic samples; this can be particularly ascribed to the added 3,4-dichlorophenol, which potentiatesthe clarifying capacity of the fatty alcohol polyglycol ether/sodium cholate detergent system without affecting the sensitivity of the color reaction as a possible phenol 
Discussion
The method we describe for quantifying low amounts of serum cholesterol-esters may be regarded as a comparatively simple but accurate means to evaluate the lipolytic efficiency of enzymatic reagents used to determine serum total cholesterol. Based primarily on standard techniques of lipid analysis, i.e., extractionof neutral lipids according to Folch et al. (10) , followed by thin-layer chromatographic separation of the individual classes of neutral lipids occurring in serum, it involves use of a smaller extraction solvent' sample volume ratio (8/1 instead of 20/1) to allow a more rapid extraction and to simultaneously minimize potential lipid contaminations from extraneous sources, and it avoids phase separation by use of a more polar mixture of chloroform/methanol (volume ratio of 1/1 instead of 2/1). Moreover, the washing step described by Folch et al. (10) can be omitted, there being observed no interference of the thinlayer chromatography by extractable substances other than neutral lipids.
Finally, to compensate for potential volume losses during the preparation of the lipid extracts, we added an internal lipid standard to the extraction solvent. We chose cholesterol acetate, because (a) this substance is available in high purity ( 99%), (b) its physicochemical properties are closely similar to those of the serum cholesterol esters, except that (c), under the chromatographic conditions used, it migrates as a clearly separate band.
We calibrated with standard solutions of cholesterol linoleate, which represents the major component of the serum cholesterol ester fraction (about 43%) (1) .
To ensure homogeneous and reproducible staining of the chromatograms, we dipped the plates into a polar staining solution instead of using a spraying technique. The high polarity of this solution results in negligible dissolution of the lipids.
With this method, we confirmed the finding of Cooper et al. 
